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success or failure of the intervention
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medicine makes you feel better faster
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medicine keeps you alive

The purpose of this study is to 
see if the medicine is safer



Outcome

Statistical 
model

Decision 
thresholds

➔

Does the 
intervention 
work?



For each situation, we need to decide how to ‘measure’ the 
information

The purpose of this study is to see if the 
medicine keeps you alive

• Does it matter when the death occurred?
• Does the manner of death matter?
• How long do you watch people?
• Is death measured as a yes or no variable?
• How do you accurately measure death?



Time to death might be different, but total 
mortality may not be

Not observing long enough might miss 
differences

The purpose of this study is to see if the medicine keeps you alive

Handling missing information



The purpose of this study is to see if the 
medicine helps you feel better faster

Should we prioritize symptoms or signs ?

Patient Reported Outcomes –v– Researcher Observed Outcomes



The purpose of this study is to see if the 
medicine stops the disease progressing

Symptoms or signs ?

Patient Reported Outcomes –v– Researcher Observed Outcomes



The purpose of this study is to see if the 
medicine helps you feel better faster
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Time to recovery might be different, but no 
difference on longer term outcomes

What about opposite effects on symptoms and 
mortality?

The purpose of this study is to see if the medicine helps you feel better faster



Composite outcomes may help somewhat

• Composite outcome of rehospitalization or death at a singular time point

• Days alive and out of hospital

• Progression to next highest level of care

• Global ranks, win ratios and similar

Could we do better?

Safety measurements are  usually made on a separate scale so a 
qualitative risk/benefit trade-off needs to be made



Key attributes of a good outcome measure

• It gives credit to a treatment for good outcomes that matter to patients

• It penalizes a treatment when the treatment causes serious adverse 
outcomes

• It has as few tied values as possible; the more continuous the measure 
the higher the statistical power and the lower the sample size

• It is measured over the relevant clinical time course

• It does not have its interpretation clouded by rescue therapy or 
intervening events
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Now presenting……



A full spectrum scale for evaluating 
treatments in Covid-19
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Key attributes of a good outcome measure (Contd.)

• It can be meaningfully translated into information that matters to policy 
makers, guideline writers, regulators, insurers, researchers, providers, 
and patients

• It is properly contextualized to the impact on individual and public 
health



We are still not yet ready to try and find the 
unicorn



Both failing an intervention or passing an 
intervention have risk and reward, the 

consequences of which peak around the 
time of seeking approval for use



Some Consequences of Decision Making

• Failing an intervention inappropriately prevents therapies with a 
favorable risk-benefit profile from benefitting people

• Accidently promoting a therapy that has an unknown or unfavorable 
risk/benefit profile into common practice carries financial, reputational 
and other risks and rewards

• Accidently promoting a therapy that has an unknown or unfavorable 
risk/benefit profile into common practice could adversely affect the 
health of people



Is it generally in the interest of the 
researcher to use outcomes that 
prioritize sensitivity over specificity ?

E.g. fail fast if there is no signal and 
reduce the evidence needed to 
draw conclusions and promote 
the next step towards practice 
with the possibility that 
ineffective or harmful 
intervention would move forward

Is it generally in the interest of 
science and public health to use 
outcomes that prioritize specificity 
over sensitivity ?

E.g. prevent unsafe or ineffective 
interventions moving into 
practice at the expense of 
some therapies that might 
have a favorable risk benefit 
profile

Motivating factors



Is it generally in the interests of the 
researcher, provider, and participant to 
emphasize pragmatism over control ?

E.g. cost, bias minimization, ease of 
integrating research into care, 
minimal data collection burden, 
acceptability of results by 
providers

Is it generally in the interests of 
science to use outcomes that 
prioritize control over pragmatism ?

E.g. ensure that science is informed 
by accurate knowledge and 
people 

Motivating factors



Common wisdom can be upended by 
circumstances

?



lightspring/shutterstock

Anticancer 
Fund

Go fast, minimize contact

Save lives

Prevent progression

Feel better faster

Known risk profile

Familiar to providers and 
available with a short 
lead time



ACTIV-6: COVID-19 Outpatient 
Randomized Trial to Evaluate 
Efficacy of Repurposed 
Medications
Principal Investigators: Adrian Hernandez, MD, MHS

Susanna Naggie, MD, MHS

Data Coordinating Center: Chris Lindsell, PhD

Statisticians: Thomas G. Stewart, PhD

Frank Harrell, PhD



Motivating questions

How to help someone feel better faster with newly 
diagnosed mild-moderate COVID-19?

How to prevent hospitalizations or death in someone 
with newly diagnosed mild-moderate COVID-19?



The purpose of this study is to see if the medicine helps you feel better faster
AND

The purpose of this study is to see if the medicine stops the disease progressing

- Mild-moderate Covid-19
- Repurposed therapies with established safety profiles that can be readily taken in an at-home setting
- Rapidly provide evidence to inform providers and patients that are considering these options

- Support approval for this use should that be appropriate





The purpose of this study is to see if the medicine helps you feel better faster
AND

The purpose of this study is to see if the medicine stops the disease progressing

Symptoms or signs ?

Patient Reported Outcomes –v– Researcher Observed Outcomes

- Mild-moderate Covid-19
- Repurposed therapies with established safety profiles that can be readily taken in an at-home setting
- Rapidly provide evidence to inform providers and patients that are considering these options

- Support approval for this use should that be appropriate



• Fatigue
• Dyspnea
• Fever
• Cough
• Nausea
• Vomiting
• Diarrhea
• Body aches
• Chills
• Headache
• Sore throat
• Nasal symptoms
• New loss of sense of taste or smell
• Other COVID-related symptom

• Hospitalization

• Death

C L I N I C A L  E V E N T SS Y M P T O M S

Both?





• Any symptoms
• Fatigue
• Dyspnea
• Fever
• Cough
• Nausea
• Vomiting
• Diarrhea
• Body aches
• Chills
• Headache
• Sore throat
• Nasal symptoms
• New loss of sense of taste or smell

Any

Fatigue

Fever

e.g. common symptoms in Covid

How to combine or measure: 
• Number
• Severity
• Duration
• Impact on daily life
• Recovery



How to count symptoms 
and events?



Current approach

Score Description

0 Patient reports no symptoms

1 Patient describes the overall symptom burden as mild

2 Patient describes the overall symptom burden as moderate

3 Patient describes the overall symptom burden as severe

4 Hospitalization

5 Death

How does the measurement translate to an outcome?



• Make maximal use of longitudinal outcome data

Day 10 outcome
vs

entire follow-up



Days benefit



Mean Time Unwell

Time 
unwell



Measurements Outcomes

Model-based estimand
Days of benefit

Symptoms
Clinical



The outcome is designed to be highly sensitive and very 
pragmatic, and to provide information that matters to providers 

and patients

There is a need to balance the strengths with the protecting the 
public and science from a false positive trial



Days of benefit: for 
early looks in the 
data as a screening 
phase for the 
intervention

Time to recovery /  
hospitalization & death: 

for later looks at the 
data as a specific test of 

intervention effects



Outcome

Statistical 
model

Decision 
thresholds

➔

Does the 
intervention 
work?



Finding a unicorn may be hard (or even impossible)

What matters varies among stakeholders

Do we place too much emphasis on a single piece 
of information?
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